We investigated the impact on prostate-specific antigen (PSA) and prostate volume (PV) of statin medication for 1 year in patients with benign prostatic hyperplasia (BPH).
INTRODUCTION
Benign prostatic hyperplasia (BPH) is a progressive disease that occurs with lower urinary tract symptoms (LUTS) . Approximately 25% of all men experience BPH, and the prevalence of histopathologic BPH is age dependent, with initial development usually after 40 years of age. The prevalence of BPH is about 50% by 60 years of age and is as high as 90% by age 85 [1] . Symptomatic bladder outlet obstruction typically requires medication, such as with an α-blocker and 5-α reductase inhibitor (5ARI).
The 5ARIs decrease prostate-specific antigen (PSA) and prostate volume (PV) through inhibition of the nuclear-bound steroid 5-alpha reductase (5AR), which chemically reduces testosterone to dihydrotestosterone (DHT), the principal androgen stimulating prostatic growth. Dutasteride is the first selective dual inhibitor of both type 1 and type 2 5AR, whereas finasteride is a selective mono-inhibitor of type 2 5AR. Dual inhibition of 5ARIs with dutasteride results in near-complete and consistent suppression of serum DHT. The treatment reduces serum PSA levels by approximately 50% in 6 months and total prostatic volume by 25% in 2 years [2] [3] [4] .
3-Hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase plays the rate-limiting step in cholesterol biosynthesis, and inhibition of this enzyme decreases cholesterol synthesis. By inhibiting cholesterol biosynthesis, statins lead to increased hepatic low-density lipoprotein (LDL) receptor activity and accelerated clearance of circulating LDL, resulting in a dose-dependent reduction of LDL-cholesterol (LDL-C) in plasma. Statins also reduce plasma triglycerides. Statins also have a mild high-density lipoprotein-raising effect (5-10%). In this way, statins can reduce cardiovascular morbidity associated with dyslipidemia and vascular disease [5] [6] [7] [8] .
Statins also reduce isoprenylation of the G-proteins Rho and Ras, which could lead to prostatic smooth muscle relaxation [9] , increased apoptosis/reduced proliferation of prostatic epithelium and stroma [10] , reduced bladder and prostatic fibrosis through modulation of expression of connective tissue growth factor [11] , and enhanced blood flow to the lower urinary tract. These actions could lead to beneficial effects on BPH. In addition, the growth-inhibitory effect on prostatic epithelium may be related in the prevention or treatment of prostate cancer [12] . Reduction of serum cholesterol may also be related in the treatment of BPH, because a high-cholesterol diet leads to histologic changes in the rat prostate that are similar to those in prostatic hyperplasia [13] .
In the present study, we investigated the changes in serum PSA, PV, and total cholesterol after 1 year in BPH patients taking statins to determine whether statins really decrease PSA and PV.
MATERIALS AND METHODS
BPH patients who had a follow-up in Kangbuk Samsung Medical Center from January 2008 to December 2011 were included, and the results after medication for 1 year were compared retrospectively. Patients with abnormal PSA levels in whom BPH was diagnosed by prostate biopsy were included.
The exclusion criteria were a history of taking a 5ARI in another hospital before the start of the study, treatment for hyperlipidemia, persistent local lower urinary tract pathology (e.g., bladder stone, urethral stricture, prostatitis, recurrent gross hematuria, transitional cell carcinoma, bladder-neck contracture, large bladder diverticulum), unexplained microscopic hematuria, neurogenic bladder, urinary tract infection, prostate cancer, cystoscopy or catheterization within 1 month before PSA evaluation, and patients who underwent transurethral resection of the prostate.
We investigated 791 patients who were diagnosed with BPH, and the patient population was divided into four groups according to medication: group A, α-blocker; group B, α-blocker+statin; group C, α-blocker+dutasteride; group D, α-blockers+statin+dutasteride. The type of α-blocker used was tamsulosin, 0.2 mg, terazosin, 2 mg, and alfuzosin, 10 mg, and the type of statin used was atorvastatin, 10 mg, fluvastatin, 80 mg, and simvastatin, 20 mg. Statins were used in the case of hyperlipidemia (total serum cholesterol exceeding 240 mg/dL or triglyceride greater than 200 mg/dL). Dutasteride was used for an enlarged prostatic volume (more than 35 g), if the patient had experienced acute urinary retention, or if the patient showed no improvement of urinary symptoms with treatment with an α-blocker alone.
PSA, PV, and total cholesterol were measured before medication in all patients receiving a combination of α-blocker, statin, and dutasteride. Prostate size was measured with a biplanar transrectal ultrasonography (TRUS) probe and PV was calculated by using the formula for a prostate ellipse (width×length×height×0.52). Enzyme immunoassay was used for the measurement of PSA (Cisbio Bioassays, Codolet, France). One year later, the results of PSA, PV, and total cholesterol were also investigated.
Data were expressed as mean±standard deviation for continuous variables and as percentages of the number for categorical variables. According to the duration of treatment, the paired t-test was applied to PSA, PV, and total cholesterol changes in each group. Also, the differences in reduction of PSA, PV, and total cholesterol between each group were analyzed by use of the independent t-tests for continuous variables and Pearson chi-square tests for categorical variables. Also, of the variables, PSA and PV were log-transformed and were analyzed by use of independent t-tests.
Statistically significant differences between groups were compared with one-way analysis of variance (Table  1) . Multivariable analysis using logistic regression was performed with adjustment for the following variables: age, hypertension (HTN), diabetes mellitus (DM), coronary heart disease (CHD), total cholesterol, and body mass index (BMI).
Statistical analysis was performed by using IBM SPSS ver. 21.0 (IBM Co., Armonk, NY, USA). Statistical significance was defined as a p-value of ＜0.05.
RESULTS
Baseline characteristics and 1-year follow-up results in each group are shown in Table 1 and Fig. 1 .
After 1 year, PSA in group A was increased by 1.3% from 2.36 to 2.39 ng/mL (paired t-test, p＜0.001), and PSA in group B was decreased by 4.3% from 2.33 to 2.23 ng/mL (p ＜0.001). PSA in group C was decreased by 49.1% from 3.34 to 1.87 ng/mL (p＜0.001), and PSA in group D was decreased by 51.6% from 3.43 to 1.66 ng/mL (p＜0.001). In addition, the difference in PSA reduction between groups A and B was significant by chi-square test (p＜0.001) and independent t-test (p＜0.001). However, the difference in PSA reduction between groups C and D was not statistically significant by chi-square test (p=0.682) or independent t-test (p=0.696).
After 1 year, PV in group A was increased by 1.0% from 35.28 to 35.63 cm 3 (paired t-test, p=0.001). On the other hand, PV in group B was reduced by 1.8% from 35.25 to 
＜0.001
Values are presented as number (%). A p-value is for chi-square test. PSA, prostate-specific antigen; PV, prostate volume. (p＜0.001) . The difference in total cholesterol reduction between group C and group D was significant by chi-square test (p＜0.001) and independent t-test (p＜0.001). The use of statins in groups B and D reduced the level of cholesterol after 1 year. However, the difference in total cholesterol reduction between groups B and D was not significant by chi-square test (p=0.792) or independent t-test (p=0.784).
Also, excluding dutasteride users, because dutasteride could affect the PSA and PV, we split the patients in two groups, statin users and nonusers, and analyzed the correlation between variables and statin ( Table 2) . We also investigated the increase or decrease in PSA and PV within each group after 1 year (Table 3) .
Statin users had a 21.6-fold (95% confidence interval [CI], 12.8% to 36.3%; p＜0.001) higher probability of PSA reduction after 1 year than did nonusers, and the odds ratio adjusted for age, HTN, DM, CHD, total cholesterol, and BMI was 12.4 (95% CI, 5.1% to 33.2%; p＜0.001) (Table 4) . Also, statin users had a 25.7-fold (95% CI, 15.0% to 43.9%; p＜0.001) higher probability of PV reduction after 1 year than did nonusers and the odds ratio adjusted for age, HTN, DM, CHD, total cholesterol, and BMI was 14.8 (95% CI, 5.8% to 37.6%; p＜0.001) ( Table 5) .
We performed logistic regression analysis by regarding a reduction in PV of over 1% after 1 year as a valid result, in light of error in TRUS. As a result, the crude odds ratio was 25.7 and the adjusted odds ratio was 14.5. Moreover, we did logistic regression analysis by regarding a reduction in PV of over 2% after 1 year as a valid result. As a result, the crude odds ratio was 30.6 and the adjusted odds ratio was 10.6. Thus, statin users, despite physician error, really had a high probability of prostatic volume reduction.
DISCUSSION
Statins (HMG-CoA reductase inhibitors) reduce cholesterol biosynthesis. By inhibiting cholesterol biosynthesis, statins lead to increased hepatic LDL receptor activity and accelerated clearance of circulating LDL, resulting in a dose-dependent reduction of LDL-C in plasma. Except for rosuvastatin, differences in the effects of statins on LDL-C reduction have been reported among statins with similar baseline characteristics in most studies.
Atorvastatin, 10 mg, fluvastatin, 80 mg, lovastatin, 40-80 mg, and simvastatin, 20 mg can reduce LDL-C by 30-40%; fluvastatin, 40 mg, lovastatin, 10-20 mg, and simvastatin, 10 mg can decrease LDL-C by 20-30% [14] . In the current study, atorvastatin, 10 mg, fluvastatin, 80 mg, and simvastatin, 20 mg were considered to have similar baseline characteristics. In Muller et al. [15] 's study, in BPH patients taking a statin medication, the PSA level decreased by 4.1% within 1 year and PV was reduced by 4% within 2 years. The PSA decline after statin initiation was positively associated with LDL-C decline in a near linear fashion. After adjustment for multiple factors, for every 10% decline in LDL-C after statin initiation, PSA declined by 1.64% [16, 17] .
In the current study, PSA in group B taking a statin and an α-blocker medication was reduced by 4.3% and PV was reduced by 1.8% after 1 year. The result of the change in the PSA level in statin users was statistically valid compared with statin nonusers (+1.3% vs. -4.3%, respectively, p＜0.001).
We found that the PSA decline after taking statins was significantly associated with the decline in total cholesterol. Prostate growth and cancer development have been related to abnormal cholesterol metabolism. For example, it has been noted that increased cholesterol content in prostate tissue is correlated with the presence of malignancy [18, 19] . Furthermore, reducing cholesterol bioavailability has been found to alter the composition of membrane-signaling domains and to induce apoptosis in prostate cells. Replete cholesterol content reverses the apoptotic effects, suggesting that cholesterol reduction by statins may influence prostate biology [20, 21] . It is conceivable that by influencing cholesterol metabolism, statins may lower the levels of intraprostatic androgens, which could reduce PSA levels.
In vitro, evidence suggests that statins influence prostate biology. Statins might play a role by inhibiting inflammation [22] , cell proliferation [23] , migration/adhesion [24] , and angiogenesis [25] ; promoting apoptosis [10] , and invasion [24] ; and affecting intracellular survival signals such as Rho and Ras [9] .
A recent laboratory study by Parikh et al. [26] demonstrated that statins induced autophagy and cell death in prostate cancer cells, likely through inhibition of geranylgeranylation, which might explain the protective effects of statins on prostate cancer progression. Also, statin medication was associated with a decreased risk of prostate cancer, less frequent high-grade prostate cancer, and a lower volume of prostate cancer, which suggests that statin medication has a protective effect against prostate cancer [27] .
Also, statin medication was associated with a decreased risk of developing moderate/severe LUTS and decreased risks of maximum flow rate and BPH [28] . Several studies have suggested that men with elevated LDL-C levels or other metabolic risk factors (such as HTN, diabetes, and obesity) had an increased odds of having BPH or LUTS. It was possible that these conditions could have confounded or modified associations between statin medication and the outcomes. In the current study, after adjustment for HTN, diabetes, CHD, total cholesterol, and BMI, the difference in PV reduction between these comorbidities (such as HTN, DM, hyperlipidemia, CHD, obesity) and statin medication was not statistically significant.
In a study on PV changes using dutasteride, dutasteride resulted in PV reduction of 19.9% in 6 months, 23.6% in 1 year, 26% in 2 years, and 27.3% in 4 years [29] . In the current study of dutasteride therapy for 1 year, PV was reduced by 22.9%, which was similar to previous results. When a statin and dutasteride were administered during the first 1 year, PSA and PV were significantly decreased. Also, the PSA and PV reduction in groups C and D were greater than in groups A and B, which might have been due to the effect of dutasteride. However, the rates of reduction in PV were not significantly different between groups C and D. This suggests that a low DHT concentration could be a counter effect against statins. Thus, this might be the effect of dutasteride, which offsets statin function by decreasing the DHT level.
The current study had several limitations. First, the effects of α-blockers were considered to be the same. Second, this research was not subdivided into categories for statin, because the statin group was not subdivided.
Despite these limitations, we believe that our investigation showed an association among statin use, PSA levels, and PV.
CONCLUSIONS
Serum PSA, PV, and total cholesterol were decreased in BPH patients taking statin medication for 1 year compared with the group taking α-blocker alone. Also, the effect of 5ARI on the reduction of PSA and PV was not affected by adding a statin.
Statin administration reduced PSA and PV in BPH patients. This infers that statin medication could improve LUTS in addition to preventing cardiovascular disease, which might play a role in the chemoprevention of prostate cancer.
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